T he cause of in-stent luminal narrowing has been primarily considered to be neointimal hyperplasia that is caused by proliferating vascular smooth muscle cells (VSMC). It has been recently reported that local drug delivery systems produce good results for the inhibition of VSMC proliferation. 1 The potential of suppressive agents in the treatment of in-stent luminal narrowing arises from basic studies according to cell cycle regulation and gene expression. 1 p53 is a tumour suppressor protein involved in regulating the growth of VSMC. Loss of p53 activity results in the growth of VSMC, while increased concentrations of p53 result in apoptosis of VSMC. A common polymorphism in the p53 amino acid sequence which results in the presence of either arginine (Arg) or proline (Pro) at position 72 may influence the susceptibility to malignancy through its interaction with p73. The effects of this polymorphism on p53 function seem to be related to p73, and p53Arg was reported to be more susceptible to the inactivation of p73 than p53Pro alleles. 2 It is conceivable that this common polymorphism of p53, Arg72Pro, may also influence VSMC proliferation after coronary stent implantation. In the present study, we tested this hypothesis in patients after coronary stent implantation using quantitative coronary angiography.
METHODS
The study population was selected from outpatients at the National Cardiovascular Center, Osaka, Japan, who underwent follow up coronary angiography after successful stent placement. This genetic study was approved by our institutional ethics committee and included 132 consecutive patients admitted between August and October 1999, from whom informed consent was obtained. Major adverse cardiac events (death, myocardial infarction, coronary artery bypass graft surgery, and repeat interventions) did not occur in any of the patients undergoing stent implantation, as assessed by follow up angiography.
Quantitative computer assisted angiographic measurements were performed on end diastolic frames using an automated edge detection system CMS (MEDIS Medical Imaging Systems, Leiden, The Netherlands). The minimal lumen diameter (MLD), reference lumen diameter (RLD), and per cent diameter stenosis were obtained using this system.
Genomic DNA was extracted from peripheral blood leucocytes. The p53 genotype was determined using the TaqMan system, which combines polymerase chain reaction amplification and detection in a single closed tube. The primers and probes were used for allelic discrimination of p53Arg72Pro polymorphism. The validity of the TaqMan system was confirmed using DNA samples of the three genotypes as confirmed by direct sequencing.
VSMC were prepared from the aorta of p53 knockout mice. Transient transfection of the p53 gene was performed using Lipofect Amin (Gibco BRL) according to the instructions of the manufacturer. VSMC were plated onto a 96 well multititre plate (10 000 cells/well) and cultured in Dulbecco's modified Eagle's medium (DMEM) and 10% fetal bovine serum (FBS) for 24 hours. After deprivation of serum for 24 hours, VSMC were transfected with wild/mutant p53 plasmids (n = 48). Transfected VSMC were cultured in DMEM and 2% FBS for 48 hours. Forty eight hours after the transfection, the cell number was counted with a WST (water soluble tetrazolium salt) cell counting kit (Wako). The expression construct of p53 was purchased from Invitrogen (GeneStorm expression-ready human clones). p53 cDNA is expressed under the control of a cytomegalovirus promoter. p53Pro was made from p53Arg by in vitro mutagenesis. The sequences of both constructs were confirmed by direct sequencing.
RESULTS
The 132 stenting lesions were divided into three groups according to the p53 genotype (47 Arg/Arg, 64 Arg/Pro, and 21 Pro/Pro). These genotype frequencies were compatible with the Hardy-Weinberg equilibrium. There were no significant differences in RLD among the three genotypes 1B) .
To assess the determinants of MLD at follow up, a multiple regression analysis with a backward elimination was performed. The results revealed that MLD at follow up was determined (r = 0.531, p , 0.0001) by the p53 genotype (p = 0.001), RLD (p , 0.005), diabetes mellitus (p , 0.05), and MLD immediately after stent implantation (p , 0.05).
To confirm the effect of the p53 genotype on VSMC we transfected Arg and Pro of p53 genes to aortic VSMC from p53 knockout mice. The cell count after transfection with p53Arg (25 423 (4022), n = 48) was greater than that after transfection with p53Pro (18 623 (2538), n = 48) (p , 0.0001).
Abbreviations: Arg, arginine; DMEM, Dulbecco's modified Eagle's medium; FBS, fetal bovine serum; MLD, minimal lumen diameter; Pro, proline; RLD, reference lumen diameter; VSMC, vascular smooth muscle cells
DISCUSSION
In the present study, we found that MLD at follow up angiography was significantly smaller in the Arg/Arg genotype than in the Arg/Pro and Pro/Pro genotypes of p53 in patients who underwent coronary stenting, and that MLD at follow up was determined by the p53 genotype, RLD, diabetes mellitus, and MLD immediately after stent implantation.
p53 has been shown to induce cell cycle arrest at the G 1 /S boundary and also apoptosis. Increased concentrations of p53 result in apoptosis of VSMC, while loss of p53 activity results in the growth of VSMC. Guevara and co-workers reported the excessive proliferation of VSMC at S phase as a result of p53 inactivation in vivo. 3 Taken together, the present results suggest that p53Arg72Pro polymorphism is related to the functional activity of p53, which regulates VSMC proliferation leading to luminal narrowing after stent placement.
We also demonstrated that p53Arg has less of an inhibitory effect on VSMC proliferation than p53Pro. The functional difference between p53 variants was observed in a recent study which showed that the p53Arg variant is more efficient than p53Pro at inducing apoptosis, and that one mechanism underlying this greater efficiency is enhanced localisation of the p53Arg variant to mitochondria. 4 However, the localisation of p53 to mitochondria seems to occur only in tumour cells. 5 Therefore, this p53Arg induced apoptosis is unlikely to be the cause of our findings. On the other hand, the manner of p53 according to the codon 72 polymorphic variants may be deeply affected by p73. Marin and colleagues 2 recently reported that the Arg/Arg genotype in squamous cell tumours may reduce the inhibition of cell growth, possibly because the conformational p53 protein, consisting of the homozygote for p53Arg, can bind to the p73 protein, and neutralise p73-induced apoptosis. This indicates that interaction of the p53 protein with the p73 protein is influenced by a common polymorphism of p53 at amino acid residue 72. Consequently, VSMC proliferation may occur because p53Arg tends to block p73 function more effectively than p53Pro. 
